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ABSTRACT
Latency variation measurements are critical for low latency applications, as are
often utilized for Third Generation Partnership Project (3GPP) Fifth Generation (5G)
network environments. Existing performance measurement implementations often use
variance for determining latency. Presented herein is a technique for utilizing mean
absolute deviation (MAD) as a latency metric because it provides a better representation
of latency and outliers don't impact calculated latency values.
DETAILED DESCRIPTION
There are many low latency applications, such as 5G applications, for which latency
measurements are critical to ensure proper operation of the applications. Sometimes,
variance calculations are used for measuring latency, however, variance may not be
suitable for instances in which large outliers may exist in a data set. Dispersion or measure
of spread will not be exact if a few values in the data set are very large. For example,
sometimes latency can become unexpectedly high due to local segment restoration in a
network, which can cause traffic to traverse a longer path for some duration, such as a few
minutes. However, such a large latency may not always be indicative of poor network
performance and it may not be advantageous for the network to react to such an outlier.
Existing performance measurement implementations for Segment Routing (SR)
policy delay measurements use variance to calculate latency. However, this proposal
provides a technique for utilizing mean absolute deviation (MAD) as a latency metric
because it is more real (e.g., provides a better representation of latency) and outliers don't
impact MAD calculated latency values.
The square term is used in a variance calculation, which is why the value is not very
suitable if an outlier exists in a data set. In contrast, MAD is based on an absolute
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difference instead of a square of the difference. Thus, MAD calculations are more robust
to outliers and, hence, more suitable for the traffic engineer decisions if a large deviation
momentarily occurs. MAD can be calculated based on performance measurement history
data as well. Although variance may be useful in some circumstances, the proposal submits
that MAD calculations may be more meaningful for latency-based spread monitoring.
Consider, for example, that the MAD of a set {x1, x2, . . ., xn} can be represented,
as follows:
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The MAD, as shown above, is the mean of the data set's absolute variation around the mean
of the data set or, stated differently, the average or absolute distance from the mean.
The forecast accuracy for technique proposed herein is very close to a mean squared
error (MSE) calculation, which is the average squared error of a set of forecasts. Although
MSE is a closely related technique, MAD is more commonly used for forecasts because it
is both easier to compute, for example, avoiding the need for squaring, and also easier to
understand.
Consider the calculation of standard deviation (σ) for a case in which X takes
random values from a finite data set {x1, x2, . . ., xn}. With each value having the same
probability, the standard deviation can be represented as:

...

, where

...

Alternatively, using a summing notation, the standard deviation can be represented as:
∑

, where
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Instead of having equal probabilities, if the values have different probabilities such
that: x1 has a probability p1, x2 has a probability p2, . . . , xN has a probability pN, then the
standard deviation can be represented as:
∑

, where

∑

From the above, it is evident that the standard deviation is not robust to outliers and,
hence, may not suitable in some instances for the measure of spread for latency. As
discussed above, a temporarily high latency (i.e., an outlier) can impact the variance or
standard deviation calculation and, hence, give a false impression that latency was varied
very high on an average calculation within a recorded latency data set.
As noted, MAD may be better suited for latency metrics. For example, in an SR
implementation, a source node is usually not aware that some mid-node segment
restoration may be occurring. In such instances, the latency metric may provide an
indication that something has caused the latency to increase between the source node and
such a mid-node but, if the latency normalizes after this temporary restoration, ideally
source node or the Path Computation Element (PCE) node connected to the source node
should not react or re-optimize the tunnel/policy.
In accordance with the technique of this proposal, MAD can be used to make such
a decision. For example, latency frequently becomes very high, then MAD will definitely
reflect the same but MAD will be silent if the number of high-latency occurrences is very
few.
Figure 1, below, illustrates example logic involved for a MAD calculation.

Outlier
Latency
Mean

Figure 1: Example MAD Calculation Logic
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For Figure 1, above, distance is taken from the mean of all the data and then an
arithmetic mean is calculated for the distances from the mean. Thus, the outlier (e.g., a
temporary high latency) may minimally impact the calculation.
In summary, MAD can be implemented for the environments involving
applications in which temporary high latency is acceptable, while an absolute high value
or standard deviation/variance can be used where temporary high latency variation is not
acceptable, for example, environments such as those involving medical emergency
applications.
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